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A Robust Procedure for the 
Measurement of Serum Magnesium 
on the Hitachi 704 Using Calmagite 
N, O'Leary'·, A:Pembroke' and P.F, Duggan' 
SUMMARY 
We describe a magnesium procedure for the 
Hitachi 704 using 0.3 mmollL calmagite ill 
CAPS bllffi~r, pH ]],5, The cuvette magncsium 
contribution jl'OlII sample was maximi.H~d to 
reduce illtl!ljerence ji"Ol1I othrr magnesium 
containing reagents, There \Vas I/O significant 
calibratioll drift ova 24 hOIll'\', The ml?lhod 
was evaluated jor cilrumop/wric illtelference 
using both single a/ld two-reagent protocols 
(Ind the latter approach was 1U'l sigll{(iC(llllly 
affected by illlralipid IlfJ to ]0 g/I... bilirubin III' 
to 600 111110/11.., alld hlll'mog/obill lip tolO giL, 
INTRODUCTION 
Due to increasing clinical demand for the 
measurement of serum magnesium, 
photometric measurement of the cation 
with "calmagite" 3-hydroxy-4[(2 hydroxy-
5- me th y I ph c n y I) azo J - 1-n a I' h th a len e 
sulfonic acid!·) i,s now widely lIsed on 
discrete analysers.In general calmagite 
procedures present with three main 
difficulties. 1) Because the reaction is 
carried oul at a high alkaline pil carbon 
dioxide absorption requires frequent re-
calibration4• 2) The general application of 
this reagent to single reagent analysers is a 
bichromatic approach in which 540 nm is 
generally chosen as the analytical 
wavelength and 600-700 Bm as the 
blanking wavelength-I, As both haemolysis 
and lipaemia absorb more s:gnificantly at 
the analytical waveleng!h there is a 
potential for significant positive 
interference in these samples. 3) On a 
random access analyser photometric 
mngnesium procedures mny be subject to 
carry-over interference fron'! ~-:ther 
reagents containing magnesium. 
David and Shihabi' described a stable 
caimngite reagent suitable for manual 
estimation which involved an EDTA 
sample blank. IIowever, in an auloliwted 
analysis this procedure would be :::t1l)ject 
to much of the interference mel!!hned 
above. This study describes a n"'\JJ;n;:~;tion 
of the procedure of David and Shi!i::d for 
nppiication to the lIitachi 70'~ -".,,'~tich 
removes these interferences. 
MATERIAL AND METHODS 
3-[ eye lohcxy lami no ]-l-propanes ll: ronis.. 
acid (CAPS), calmagitc and bilirubin from 
gall stones were supplied by Sigma 
Chcmictll Co. Ltd., PooJe, iJJ;ited 
Kingdom, Intralipid: was sllf'pi:.rd by 
Kabivitrium, Cahill May Roberts, Dliblin, 
Ireland, All other chemicals were of 
Analar grade and supplied by British Drug 
HOllse Ltd., PooJe~ United Kingdoll) 
Reagent,\' 
Buffer: CAPS 0,36 III 0 III., ""Iitlln 
hydroxide 0.175 mollL, sodium chloride 
17 1ll1ll01/L, EGTA 1,2 Illlllol/L, 
triethanolamine 3.75 111 1110 ilL pot;\ssiull1 
cyanide 31 11I11101/L and Triton X-JO() I 
milL. Adjust pll to 11.1 (stable when 
sealed for six Illonths at 4c C)' \Vc;klng 
cnimagite reagent: 0.12 III III 0 I C:::; .lgite 
pCI' litre of buffer (stable for olle '" .~;,th at 
4°C), 
'BiochomistlY LfI/JOI8!ory, Regionat rtospi(;Jt, Calk, froland. 
'Biochemistry Department, University of Limerick, Plassy, Limerick, Ire/and. 
• Autf)()r to whom correspondence should be addressed. 
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Addition of Chromophores 
Increasing haemolysis: Aliquots of a 
pooled blood sample were haemolysed in 
an ultrason,c bath to effect varying 
degrees of haemolysis. Haemolysis was 
quantified a, the cyanmethhaemoglobin 
derivative. 
Addition of lipid: Aliquots of a 20% 
~solution of intralipid were added to a 
plasma pool to mimic appropriate degrees 
of lipaemia. 
Increasing icterus: Aliquots of 100 
mmollL bilirubin dissolved in 
100 mmol/L NaOH were added to a 
plasma pool. The pH of the sample did not 
change by more than 0.1 units and the 
addition of NaOH did not effect the assay. 
The effect on dilutions of adding bilirubin 
and intralipid were compensated for by 
appropriate calculation. 
Reference procedure: Samples were 
diluted 11100 in 0.1 % lanthanum chloride 
and assayed on a Pyc Unicam SI' 192 
atomic absorption spectrophotometer. 
Imprecision: Within run imprecision 
was assessed by assaying two quality 
control materials sequentially 20 times; 
the between imprecision was obtained by 
assaying these controls once a day for 20 
days. 
Calibration: All methods were 
calibrated using Beckman Decision 111. 
RESULTS 
Adaptation afmanual procedure to 
Hitachi 704 
Initial invesligation was carried out using 
the working reagent described in the 
Materials and Methods section'. A sample 
volume of 5 ul and a reagent I (Rl) 
volume of 325 ul was used with the 
bichromatic absorbance at 546 nm 
(analytical) and 660 nm (blanking) being 
measured 10 minutes after sample/R I 
contact. While calibration was stable over 
a 24 hour period three difficulties 
presented. 1) \Vithin run illlprecision for a 
serum pool (magnesium ~ 0.85 mmoIlL, 
N~20) was well below the average 
pcrformance of the instrument at 1.8% . 2) 
magnesium analyses following chemistries 
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which contained magnesium in their 
reagent formulatiuns i.c. alkaline 
phosphatase (ALP) and creatine kinase 
(CK) were overestimated by 
approximately 0.09 mmollL. 3) mildly 
haemolysed and lip'",mic samples were 
markedly overesllmf:.tl~d. 
The absorbance sc.r,sitivity of the assay 
was poor with an :lbsorbance change 
(546/660 nm) of 0.210 being "chieved for 
the calibrator (le"s ~lank) at a clinically 
very high magnesium content of 1.58 
mmoliL. Increasing the pH of the buffer to 
11.5 coupled with increasing the calmagite 
concentration to 0.30 mmollL extended 
the absorbance change (546/660 nm) of 
the calibrator (Ie" blank) to 0.487. Since 
CAPS has a pK of lOA it was felt that 
further increase h "H would impede 
buffering capacity. The calibration drift 
was less than 2% pet 24 hours which was' 
considered adequate fJr routine operation. 
The total absorbance of the calibrator 
(magnesium ~ 1.58 mmol/L in 0.3 
mmol/L calmagite) was 2.30 at 546 nlll 
which approached the optical limit of the 
instrument.To dilute the contaminating 
effects of othcr magnesium containing 
chemistries it was decided to maximise t'le 
cuvette magnesium content from the 
sample. Accordingly, the Same volume 
waS increased to 20 ul and R I vol to 500 
ul. This reduced the contamination 
carryover of CK "d ALP from 0.09 
mmollL to less !~~2.n 0.03 mmollL. Due to 
increased c:1lmagik ll,e assny was linear 
(with the illcrea~wd :';:1tllple volulIle) ftom 
o - 2.0 mllloliL. To evaluate the effect of 
chromophoric hlt~,;"ference on these 
changes the method was evaluated by two 
procedures. 1) a single reagent method 
using a single point bichromatic method 
and 2) a two reagent bichromatic 
procedure involving a sample blank in 
buffer and subseqnent colour develoPlllent 
with an aliquot of (2.44 mmol/L) buffered 
calmagite. In each CC.iC the final calmagite 
concentration was 0.30 mmol/L. The 
concentration of sample in the single 
reagent method W,," 3.8% while in the 
two-reagent procedure method it was 
3.4%. Instrument parameters arc presented 
in Table 1. 
Table 2 shows th:lt the single reagent 
procedure was unaffected by bilirubin and 
J Biomed Sci V:;,I 1, No.4 1992 
TA1lLE 1. HlTACIII704 SETTINGS FOR I·POINT AND 
2·POINT llICHROMA TIC ASSA YS. 
I·Point Assay 2·1'0;nl Assay 
Assay code 1·31·0 2·15·31 
Sample ul 20 20 
Reagent 1 u1 500 500 
Reagent 2 ul 0 70 
Wavelength nm 660/546 660/546 
2. EFFECT OF POSSIBLE INTERFERENTS ON I·POINT AND 2·I'OINT 
BICHROMA TIC ASSAYS, (SERUM POOL MAGNESIUM· 0.85 mmollL) 
Interferent I-Point Assay 2-Poin! Assay 
Inlralipid 
2g1L 0.88 0.85 
4g/L 0.95 0.84 
1Og/L 1.14 0.86 
Bilirubin 
300 umollL 0.85 0.84 
600 umollL 0.86 0.85 
Haemoglobin 
2g/L 0.90 0.85 
4g/L 0.98 0.86 
10 giL 1.17 0.88 
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demonstrated little interference by 
haemoglobin and intralipid of 2 giL. 
lIowever, further increases in lipaemia 
and haernolysis demonstrated marked 
over-estimation in the assay due to 
increased absorhance of these 
chromophorcs at 546 nm (analytical 
wavelength) over 660 nm (blanking 
wavelength). [n contrast the two reagent 
method utilising an initial blank rcading 
prior to the addition of calmagitc was 
relatively unaffected by the added 
concentrations of chromophores. The 
contribllti'on of 0.03 Il1ll1ollL effected by 
the addition of 10 giL haemoglobin in the 
two reagent procedure is consistent with 
the red cell magnesium concentration of 
2.0 mmoIiL'. Further investigation was 
confined to the two reagent procedure. 
Validation aftwo reagant procedure 
Correlation; A hundred patient samples 
which included a mix of paediatric 
normal/abnormal and adult normnl/ 
abnormal gave good agreement with the 
atomic absorption spectrophotometric 
method (Fig I). (Range ~ 0.55 - 1.71, 
atomic absorption mean = 0.942, this 
method mean ~ 0.945) Imprecision: The 
Ircvised procedure demonstrated a 
satisfactory within run CVs at 1.15 and 
1.76 mmol/L of 0.54% and 0.49% 
respectively \vhile the corresponding 
between run CVs were 1.64% and 1.52%. 
Quality Control: In an cxlenlill quality 
control scheme in which 25 circulations of 
various qualit.y control materials were 
assayed (numher of labOfatories :::: 125) the 
following performance WflS attained. 
Range 0.68 - '~f)O, overall mean ~ 1.045, 
this method mean ~ 1.037. average 
deviation from target value = 0.0179 
1llIllOI/L. 
DISCUSSION 
As the rcferencc,range for magncsiulll is 
narrow it is desirable that the proccdure 
for its measurement be accur:He, precise 
and robust. As many paediatric samples 
for magnesiulll measurement will present 
with haemoiysis and/or icte.rus it is 
important that a procedure be free from 
chromophoric iraerference. The detergent 
Epigem UB has been shown to reduce 
salllple bhwk ::nd increase absorbance 
scnsitivity 8 but has limited effect on 
lipaemic sampkf;~. The detergent has also 
been shown to effect a bias over the 
atomic absorption spectrophotometric 
methods at pathologically high and low 
levels". EDTA has also been adopted in 
two reagent procedures on batch 
analysers 9,IO to minimise chromophoric 
interference but we chose to avoid this 
FIGURE 1. CORRELATION BETWEEN ATOMIC ABSORPTION 
SPECTROPHOTOMETRIC AND IIITACIII704 CALMAGITE PROCEDURES 
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Atomic Absorptiun IIlllloilL 
as the possibility of reagent 
andlor cuvette EDT A carryover may 
negative interference in sequential 
or magnesium determinations on 
access analyser. 
the modification of the 
of David and Shihabi6 we present 
has performed satisfactorily over the 
twelve months giving precise and 
results on spectrally normal and 
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